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ABSTRACT.-This
paper raises the question of whether sharp structural
boundaries define the existence of equally sharply limited tectonic force fields.
If so, a new parameter and boundary condition is added in the search for
quantitative means to study the deformation of the earth. The illustration of
a sharply defined force field of lateral tension is taken from the eastern limit
of the Basin and Range Province at Guadalupe Peak, Texas. Lateral compression is shown to have sharply defined qualities along the west side of the
Valley and Ridge Province of the Appalachians and the Front Range of
Colorado. Contrast is illustrated by the broad spread and prolonged regional
tilting of the Coastal Plain of the southeastern Atlantic seaboard. If the
energy for such tectonic actions is subcrustal heat, there must be a mechanical linkage capable of producing movement in one sharply defined
block and none in the adjacent one. Conduction is incapable of producing
such boundaries, suggesting that convection is involved by default. If so,
the convection cell must be of such a nature that it would have sharply defined operating limits. The question of how this may be established on a
quantitative basis is left open.

When rocks have been deformed a tectonic force system has been
in operation. What is known about the nature and causes of these
forces is confined to deductive speculation based on their effects. In
many cases forces that have not been in existence for hundreds of
millions of years are appreciated better than those existing today.
Modern forces are elusive because they may or may not have finished
the work by which their ancient predecessors have been classified. The
confidence with which the present can be interpreted in terms of the
past is not great. The effort is an amusing reciprocal of the principle
of uniformitarianism.
This is the status of the problem today. To improve the understanding of tectonic forces a value system must be developed based
on the physical boundary conditions that limit the force fields. The
true "culprits" can then be isolated by the elimination of unlikely
choices of energy source and mechanical linkage. My contribution is
a simple statement emphasizing the existence of sharp structural
boundaries, obvious by purely geologic observation. The question is
raised whether these in turn define the existence of equally limited
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tectonic force fields. If so, a new parameter and boundary condition
is added in the search for quantitative means to study deformation.
It may be that this implication is not physically justified. In that case
merely proving it wrong will add a parameter, and perhaps a certainty as yet unsuspected. A secondary purpose of the paper is to
encourage other workers to search for tectonic boundary conditions
and to assemble this knowledge in the literature.

Figure 1.-This familiar view of Guadalupe Peak is the tourist's introduction
to the sharp structural boundary on the east side of the Basin and Range
Province.

Consider Figure 1, a familiar view of Guadalupe Peak, the best
exposure of Permian barrier reefing in West Texas. Topographic relief
on this southeastern side of the mountain is due to differential erosion.
On the western side, out of view and to a much greater depth than
the level of the road, there is a magnificent fault scarp descending to
the floor of the Salt Flat graben. Visible throw on this fault is about
5,000 feet with much more concealed under the gravel fill. This fault
boundary is the most easterly limit of the Basin Range structure of
the western United States. From this point westward to the coast of
California and beyond, beneath the sea, a direct relationship between
modern fault movement and topographic relief is common. From
this point eastward to the abrupt wall of the Blue Ridge (White,
1950), almost 1,200 miles away, there is no comparable feature to
be found on the surface. How sharp is this structural boundary? The
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tourist driving towards El Paso, Texas on U.S. Highway 180 after
crossing the plains for hundreds of miles is faced with this sign:
Warning-Guadalupe
Canyon. The fine print below, hardly discernible at high speed, says: Sharp Curves and Steep Grades, Keep
Car in Gear. At the time this picture was made, a decade ago, quite
a few cars and at least one truck had failed to make the sharp turn
2t (A) and were piled in wreckage at the base of the scarp. W. W.
Atwood might call this type of emphasis, "the approach to the
human drama." The structural boundary of the Basin and Range
Province is so sharp that an automobile driven across it in a moment
of error will tumble a thousand feet.
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Figure 2.-The
flatiron structures in the right foreground are part of the
tilted edge of the Pine Mountain thrust sheet. The valley in the center marks
the sharp structural boundary of the Appalachians. The maturely dissected
Cumberland Plateau is beyond.

This is not a single fault plane. King (1948) has mapped a number
of closely packed faults in the system. Nevertheless, the structural
blocks on either side of the boundary have been subject to totally
different force fields. To the cast there is stability. To the west there
is lateral tension. Why is this true, and why is the express10n so
abrupt?
Now consider what is generally conceded to have been a compressional situation along the sharply defined structural limit of the
Appalachian orogen. In Figure 2 the foreground is occupied by the
southeastward dipping flatirons of the Pine Mountain thrust sheet.
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Beyond the tilted beds is the trace of the thrust plane and farther
on lie the relatively undisturbed beds of the maturely dissected Cumberland Plateau. This is sharp definition indeed. As it is a thrust
boundary, this may not seem surprising. Figure 3 can not be taken so

Figure 3.-The
Province is on
Plateau on the
of strip mining
contrast.

sharp structural boundary of the folded Valley and Ridge
the right, adjacent to the flat-lying rocks of the Cumberland
left. Many of the lines in this sketch represent the open cuts
for coal in the Plateau rocks. This emphasizes the structural

lightly. Here is the western limit of close folding in the Valley and
Ridge Province, farther north on the flight line between Washington,
D.C. and Memphis, Tennessee. The flat-lying character of the plateau
rocks is made more dramatic by the strip mining for coal that has
notched the edges of the mountain slopes. This sharp structural
boundary is a regional phenomenon readily seen as far south as
Birmingham, Alabama. There is no comparable movement at the
latitude of Virginia east of the Rockies. To the east of the areas
illustrated the Appalachian structure becomes more and more complex until it is so vague that only the broadest aspects are suspected
in the crystalline rocks of the Blue Ridge and Piedmont. Along the
line that limits the western edge of the Appalachian orogen there
has been a remarkably distinct expression of rock deformation and,
therefore, of the delineation of forces. Why is the effect of lateral
compression so sharply defined along a strike of hundreds of miles?
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Figure 4 is a picture of the Front Range of the Rocky Mountains
just a few miles southwest of Denver, Colorado. The hogbacks stand
in sharp contrast to the High Plains sediments to the east of them.
The position of the boundary is fixed by the degree of erosion and
burial. Yet the contrast between the tortured rocks to the west and
the undisturbed ones to the east is profound. From this line westward the dynamic structures range in age from Tertiary to Recent.
To the east the last disturbances of comparable type were late
Paleozoic and are found in the distant Appalachians. Thus, the distinction of the force systems is not only sharp in geographic expression; it is limited in time as well.

Figure 4.-Tilted Mesozoic sediments just south of Morrison, Colorado, mark
the sharp structural boundary between the Front Range of the Rockies on
the left and the High Plains on the right. Photograph by Wm. C. Bradley.

With these illustrations as background examine Figure 5 which is
presented as a study in contrast. Superficially it has one feature in
common with the preceding ones. A sharp geologic boundary is on
exhibit. The river is the Rappahannock just east of Fred6cksburg,
Virginia. The distinction between the narrow river at (A) and the
drowned meander at (B) is the sharp definition of the position of
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Figure 5.-This view is of the Rappahannock River just east of Fredricksburg, Virginia. The limit of estuary flooding of the Coastal Plain Province
is sharply defined at point A. Point B is a flooded meander. The Chesapeake
Bay country is on the far horizon. The marine environment of the open
Atlantic is beyond.

coastal plain flooding. The environment changes at this point from
and deposito estuarine transportation
that of river transportation
tion. Far to the east on the horizon of the picture is the truly est;rnrine
Chesapeake Bay. The open Atlantic with a completely marine environment is just out of sight. In the foreground the country rocks
are the sediments of the lower Miocene lapping on those of the Eocene
farther west. These in turn lie on the covered Cretaceous beds. The
whole complex is unconformable upon the Piedmont crystalline rocks
(Le Grand, 1961).
Our purpose is to draw general meaning from these observations
and then, using representative samples, extract broader conclusions
about the region as a whole. If this is completely successful, extrapolations of a very broad nature concerning force fields may be determined. Full understanding would give a means of interpreting the
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geologic histories of comparable regions. The logical pyramid constructed on this basis becomes an advanced statement of the principle
of uniformitarianism
( Harrington,
19 58).
The condition of flooding on the Rappahannock River must be
recognized as a normal rather than an unusual situation. The gradient
of Rappahannock,
although slight, is still sufficient to present a
readily photographed
contrast with the gradient of the flooding
waters. However, because the two gradients are so nearly the same,
great lateral shifts in position of the flooding limit may be expected
with very small changes of the level of the land. The geological
record of such vertical movements would be seen as remarkable,
distinct variations in sedimentary facies one above the other. Even
a casual consideration of the other rivers of the eastern seaboard south
of the Hudson discloses that they too exhibit this type of flooding.
The situation is regional and the whole seaboard may be discussed
as a unit.
Figure 6 is introduced as evidence that this delicate adjustment has
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Figure 6.-This cross section of the stratigraphic units of the North Carolina
Coastal Plain serves to show that the general characteristics of the estuarine
to marine environment illustrated in Figure 5 have existed in this region for
about 100 million years.
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been a balance of long duration. The cross section of the stratigraphic
units of the North Carolina Coastal Plain (by Snipes, personal communication) emphasizes that the shifting positions of land and sea
have been marked by an adjustment of the sedimentary facies since
early Cretaceous time. Tertiary beds are not detailed in this section,
but the situation is much the same. Whereas Figure 5 illustrates
an instantaneous situation, Figure 6 is an integration of this instant
through more than 100 million years of earth history. Structural
dynamics and subcrustal forces are inserted into this integration by
the tilting of the basement. The sedimentary section presents an
eroded feather edge on the west and thickens to 10,000 feet on the
east. The facies boundaries and thickness variations record a nearly
constant depression of the eastern area, while to the west the Piedmont has been progressively beveled by erosion. The case that has just
been presented is a dynamic situation without the distinction of the
sharp geologic boundary. This argument has now progressed to the
point that these various illustrations may be compared.
At El Capitan a very sharp limit is defined for the force field that
is producing the tension in the rocks at this time. The western limit
of the lateral compression of the Appalachian orogen is equally well
defined as a late Paleozoic compression. At the Front Range of the
Colorado Rockies there is a precisely fixed limit to the action of
dynamic forces from the early Tertiary to the present. Thus it is
possible to conclude that lateral tension and lateral compression forces
are both capable of producing sharp structural boundaries. The
example of regional tilting from the eastern seaboard is in contrast
to the previous illustrations because the sharp boundary is not evident. From this it can be concluded that dynamics alone is not sufficient to produce a sharp boundary. Only in specific and now mysterious, unfathomed cases do the sharp boundaries exist. The tilting
at the edge of the continent seems to be a gentle regional progressive
action of long duration.
It is difficult to make generalizations in geology because qualifications are so often based on opinion. In the case of the regional tilting of
the Atlantic seaboard there is a sharp boundary on the west presented
by the Blue Ridge Front. However, this seems to be a part of the
lineation of the still-rising Appalachians. It is another sharp geologic
boundary of the class that must be explained, but in my opinion, it
does not deny the regional unity of the Piedmont-Coastal block.
Within the earth there is machinery capable of linking the
energy source, which is probably heat, to a broken and bent crust.
The mechanical movement to produce a sharp boundary can not be
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as simple as that of fractured plaster on a wall broken at the weakest
point. The vastness of the Appalachians limited so sharply along the
structural front is not comparable to a single crack in a plaster wall.
The machine must be of regional size and have sharply defined limits
also. Heat transfer by conduction is not capable of producing these
movements. Figure 7 is an illustration. The cross section represents
the crust and the upper mantle. A point heat source at depth 1s
·TIie Sur Ja ce Sea rp
oJ a Sharp Geologic
Boundary

A 35 Km. Crust

TIie Jlolio

A Po int Heat Source
tlie
Would Produce
Case
Jlost Extreme

TIie Conduction
are Separated

Ray Jbtlia
by a Smll

Angle.

cross section of the earth's crust with a sharp geologic
Figure 7.-Schematic
boundary overlying a point heat source. Conduction ray paths across the
small angle 0 are too similar to produce the boundary. If a conduction linkage is impossible convection must be considered. Now the geophysicist must
produce convection cells with sharply defined limits and geopraphic shapes.

connected to the sharp boundary by two conduction ray paths across
the small angle 0. By necessity the ray paths are of such similar
lengths that there must be similar temperatures at the Moho; similar
energies would produce similar behavior and no sharp boundary.
Tilting of the southeastern Atlantic seaboard seems much more compatible with conduction than does a sharply bounded orogen.
If conduction can not produce sharply bounded features, convection is implied by default. Here again the machine must have sharply
defined operating limits. How this parameter can be fitted into a
mechanical model must remain an unanswered question until the
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geophysicist chooses to apply the rigors of quantitative reasoning. He
now has one more parameter, that of a remarkably sharp regionally
extensive boundary.
Sharp structural boundaries do exist. They are to be found between
many physiographic provinces and at the edges of large islands. They
are very poorly understood but must show something about the
physical boundary conditions in the force fields responsible for them.
When this "something" is known we will be closer to understanding
why rock deformation occurs.
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